PURPOSE: This study was conducted to investigate the effects of Kinesio taping and massage application to the calf muscles on ankle stability.
Ⅰ. Introduction
The ankle joint palpates the sensory feedback for posture maintenance through synergic work of the lower limbs muscles and sensation of the weight load and soles (Menz et al., 2003) . The ankle joint enables stepping forward while walking (Mansfield and Neumann, 2014) . In normal adults, the ankle joint strategy and muscular coordination are primarily used for vertical control. To accomplish this, the gastronomic muscle is activated first in the case of anterior instability, while the tibialis anterior is activated for posterior instability (Horak, 1987) . When the ankle strategy is difficult to maintain, the hip strategy is used, and the posture strategy is used in the order of footing (Shumway-Cook and Horak, 1986) . However, despite this posture strategy, ankle joint sprains occur because of severely rugged floor surfaces, rapid shaking speed, and muscle problems around the ankle. Ankle instability, which is characterized by recurrent giving way, often develops after repeated lateral ankle sprains (Mervat et al., 2016) .
The best way to prevent chronic ankle instability is through initial treatment of ankle sprains.
Various methods have been suggested to prevent ankle injuries and solve the problem of instability. Among them, Kinesio taping and massage are easily applicable methods.
Kinesio taping relieves pain and restores function and muscle strength by attaching taping to muscles. Previous studies have shown that ankle joint taping is the most effective method for reducing the incidence of repeated injury in subjects with a history of ankle joint sprain (Dizon and Reyes, 2010) . This method is supposed to improve local circulation, reduce edema, facilitate or relax muscles, and improve joint function by enhancing sensory mechanisms (Slupik et al., 2007) . Utilization of this method is high because it has immediate effects and low side effects (Roh, 2010) . In addition, when tape is attached to the ankle joint it improves the sensory input about proprioceptive, even in the absence of weight-bearing; therefore, it can improve balance and walking ability by positioning the joint precisely (Seo et al., 2014) .
Massage stimulates the function control of the reflexive nervous system and calms abnormal excitability through bare-hand stimulation. Therefore, it is commonly used to recover muscles and joints when there is excessive tension, spasms and pain in the muscles. Additionally, massage improves flexibility, strength and endurance of athletes to maximize their performance (Park et al., 2017) . Massage can be performed throughout the human body, but it is commonly applied to large muscles. In the case of lower limbs, it is applied to large muscles such as the hamstring, hip adductor, hip abductor, quadriceps, tibialis anterior, calf muscle, tibialis posterior and peroneus (Eo and Shin, 1985) .
The calf muscle is an important muscle that maintains the center point of mass of the basal plane through continuous muscle contraction while walking (Jo et al., 2017) . This muscle produces sufficient strength to maintain stability during exercise of the lower limb and has a great influence on dynamic balance (Youm and Kim, 2012) . The soleus moves when conducting activities that require relatively low power over a long period of time, such as adjustments for standing or posture fluctuation, providing ankle stability (Mansfield and Neumann, 2014) . Thus, massage of the calf muscles is regarded as a method for improving ankle stability.
This study was conducted to investigate the effects of Kinesio taping and massage on calf muscles to improve ankle stability. Through this, a method was proposed to increase ankle stability and prevent injuries by using massage and Kinesio taping therapy.
Ⅱ. Method
Study design
This investigation was a single blind randomized control trial study of the effects of lower limbs Kinesio taping and calf massage on ankle stability.
Subjects of study
This study investigated 66 university students who fully listened to the purpose of the study and spontaneously agreed to participate actively. Thereafter, the study subjects had not experienced musculoskeletal diseases for the last 12 months, had no orthopedic problems in their lower limbs and had no neurological impairments or physical sensory abnormalities.
A total of 66 subjects (32 males and 34 females) were selected in accordance with the criteria and divided into two groups using random allocation software (version 1.0) (Saghaei, 2004) . The general characteristics of the subjects are shown in Table 1 .
Study process
Subjects were asked to wear simple t-shirts and shorts to avoid discomfort when applying massage and Kinesio taping and were instructed to refrain from intense activities during the study. Massage was applied three times for two weeks. All subjects applied methods such as police law, attention method, and stocking method according to the method of Park et al. (2017) . Massage was applied to one calf for 3 minutes at a time for a total of 6 minutes while in the prone position by two female physiotherapists qualifications in massage.
Kinesio taping was conducted using 5 x 30 cm tape attached to the calf muscle and tibialis anterior for 10 hours twice during the study period ( Fig. 1, 2) . Additionally, The Y Balance Test (YBT) was measured before and after applying the massage and before and kinesio tape was applied and 10 minutes after attachment (Fig. 3) .
Instrument of evaluation
A Y Balance test was performed to evaluate ankle joint stability before and after applying tape and massage. This test does not require a machine and can be conducted at low cost. The YBT, which has been utilized as a screening tool to predict injury because of aberrant neuromuscular control (Plisky et al., 2006) , was developed to improve reliability and standardize performance of the modified SEBT (Plisky et al., 2009 ). The YBT assesses performance during single-leg balance while conducting reaching tasks in the anterior (ANT), posteromedial (PM), and posterolateral (PL) directions (Plisky et al., 2009 ) to determine lower extremity movement asymmetry and balance deficits (Gribble et al., 2012; Plisky et al., 2009 ).
Measurements were performed using the bottom line as shown in Fig. 2 . Subjects were tested while barefoot.
The During return of the outstretched foot, the supporting foot should remain at the midpoint (Herrington et al., 2009 ).
The balance ability will be great as much as stretching one's feet further. Measurements were performed three times in one direction using the mean value. After 3 seconds of rest, the foot was moved to the next direction. If the foot deviated from the center of the grid during the test or balance was lost, the measurement was performed again (Munro and Herrington, 2010) .
Data Analysis
For this study, the statistical program SPSS 22.0 was used to analyze the data. The general characteristics of the subjects were calculated using descriptive statistics and the mean and standard deviation were examined.
The taping group and the massage group were compared using independent sample t-tests. In addition, corresponding sample t-tests to identify differences before and after intervention. Statistical significance was set at p<.05.
Ⅲ. Results
This study was conducted to investigate the effects of calf massage and Kinesio taping on ankle stability. The results are as follows.
Changes in ankle stability before and after applying Kinesio Taping
Before and after applying Kinesio Taping to the calf muscles, YBT was used to examine the ankle stability of the right and left ankle.
After applying Kinesio taping, there were significant differences (p<.01) in the anterior (p<.05), posterior-medial, and posterior-lateral directions. There were no significant differences in the anterior and posterior-medial directions, even when the right foot was supported. However, there were significant differences in the posterior-lateral direction (p<.01) ( Table 2) .
After applying Kinesio Taping, the distance between the center of the foot and the other foot in some directions has increased. 2. Changes in ankle stability before and after massage application
Before and after massaging calf muscles, the stability of the ankles on the right and left sides was examined using YBT (Table 3 ).
There were significant differences between the anterior, posterior-medial, and posterior-lateral directions in the state of supporting the left foot after application of massage (p<.05). However, there was no significant difference in the posterior-inferior aspect or posterior-lateral aspect of the right foot (p<.01).
After the massage, the distance extended from the anterior and posterior-lateral directions was prolonged, and the ankle stability on the right and left sides was partially improved by massage application.
Comparison of Ankle Stability of the Massage Group and Kinesio Taping Group
We used an independent t-test based on difference values before and after the intervention to determine the differences between the massage group and the kinesio taping group.
There was no significant difference between the two groups in the anterior direction when supporting the left side (p<.01) and in the posterior-medial and posteriorlateral directions. There was also no significant difference in the anterior and posterior-medial direction when supporting the right side (p<.05). Finally, there was no significant difference between the two groups.
Overall, the massage group showed slightly more improvement in ankle stability than the Kinesio taping group.
Ⅳ. Discussion
This study was conducted to examine the effects of mechanism, thereby increasing proprioceptive sense (Hinman et al., 2003) . However, Travis et al. (2004) reported that the application of Kinesio tape did not enhance proprioception in healthy individuals at the ankle in the motions of plantar flexion and 20º of plantar flexion with inversion. The taping is controlled by muscle contraction caused by the resting motor reflex (Choi et al., 2007) and continuous stimulation to the surrounding muscles and joints provides feedback for information regarding muscular contraction. Therefore the tape maintains joint stability and helps improve balance.
In this study, the extended range of the foot in the anterior and posterior-lateral directions after applying massage appeared to improve stability of the right and left ankle.
Although the effects of massage on the ankle flexion and flexibility of the ankle joint did not change significantly after massage treatment in the present study, Yook (2009) reported that there was some increase in the flexibility of the ankle joint. Moreover, Park et al. (2017) reported that the balance and ankle flexibility increased after calf massage, which is in accordance with the results of the present study.
Massage improves venous blood flow and facilitates the flow of lymphatic fluid (Caffarelli et al., 1985) , while also reducing edema, altering cell membrane permeability and enhancing the metabolic function of the muscles through smooth control of blood circulation (Park and Ahn, 2010) .
Therefore, muscle fatigue recovery and muscle activity can be conducted smoothly and massage application is sufficient to cause a physiological response to local tissues and mechanical massage application increases intramuscular blood flow. In addition, sports massage increases the size of the muscles and causes the them become harder and more elastic (Kim et al., 2013) .
In this study, ankle stability improvement was higher in the massage group than in the Kinesio taping group in the anterior direction when supporting the left side and in the posterior direction when supporting the right side.
However, taping was compared before and after single application in this study, while massage was performed three times over 2 weeks. Considering the duration and frequency of intervention, it is difficult to say that the massage treatment was effective. If the massage is applied only one time, it is likely that taping would be more effective. Indeed, the Kinesio taping group was evaluated at 10 minutes after applying the tape and there seemed to be an immediate effect. In addition, since taping affects the mechanical receptors of the continuous muscles and joints during application (Hopper et al., 2009 ), it will be more effective even though the application method is simpler.
It should be noted that this study was limited in that it was difficult to accurately quantify the effects of the two methods because taping was applied once and massage was applied several times. Moreover, a value based on measurement of the subject's leg length is often used; however, this study did not measure leg length.
Ⅴ. Conclusion
This study was conducted to investigate the effects of Kinesio taping and massage application on ankle stability.
Both treatments improved ankle stability; therefore, massage and taping of the lower limbs will help stabilize the ankle joint and restore balance.
